Summary. Early insulin responses were measured after a high dose (50 g/1.73 m 2) of rapidly injected glucose in 31 subjects who had repeatedly shown "lagstorage" curves in the OGTF, in 24 controls and in 19 mild maturity-onset diabetics. Division between controls and diabetics was virtually complete, when the insulin responses were expressed as "insulin6genic index,,d_ A insulin~ ~ ~}. Twenty out of 31 patients with lag curves showed normal early insulin responses and 11 patients showed diabetic responses. In patients with lag curves, presence of obesity, and absence of family history of diabetes were associated with normal insulin responses. It is concluded that the finding of a lag curve is of little consequence in obese persons but, when in conjunction with a genetic background of diabetes, is suggestive of diabetes.
population is estimated at approximately 9% [3] . The significance of this "idiopathic" lag-storage curve (or lag curve) remains obscure.
Some investigators [22, 23] regard the lag curve as a trivial abnormality; others [1, 9, 16, 20] however, have observed frequent progression to asymptomatic or symptomatic diabetes in patients exhibiting such curves and therefore regard the lag curve as an early sign of diabetes. Insulin release in patients showing lag curves is claimed to be delayed during oral glucose tolerance tests, when the release is compared to that observed in normals [11, 15] or in subjects with partial gastrectomy [19] . The insulinogenic index during the initial stage of the oral test in these patients is low as compared to normals [30] . Patients with lag curves have this phenomenon in common with mild diabetics. Furthermore a minority of them also have an intravenous glucose tolerance in the diabetic range [16, 19] . So there are several arguments indicating a lag curve as a diabetic feature. Definite evidence supporting such a view is still lacking, however.
In normal subjects intravenous administration of glucose is followed by a biphasic secretion of insulin [5, 26] . The initial insulin response to intravenous glucose is blunted or absent in patients with mild maturity-onset diabetes [10, 27] and also in groups of subjects with prediabetes [4, 5, 28] . Diminished initial insulin secretion is therefore regarded as the earliest detectable sign of diabetes, or even as its "genetic marker" [6] .
To examine the question whether patients with lag curves must be considered diabetics, early insulin responses to intravenous glucose were studied in patients with lag curves. For comparison results of similar investigations in a group of normal controls and a group of mild maturity-onset diabetics are also presented. (14) . The asterix denotes the mean peak value in the lag curve group, irrespective of time of occurrence
Materials and Methods

Subjects
The distribution of age and relative body weight in the three groups of subjects investigated is presented in Table 1 . Selection of subjects was based on the resuits in a standard 100 g oral glucose tolerance test (OGTT). The glucose curves obtained in the oral tests in the three groups are represented in Figure 1 . The 24 normal controls were selected because of their normal glucose tolerance as judged by the criteria of Fajans and Corm, adapted to the determination of glucose in plasma [14] , and absence of family history of diabetes. Routine history and physical and biochemical examination revealed no abnormalities. Obesity was no reason for exclusion, but as a group the controls were not overweight. In seven subjects the body weight was more than 15% above the calculated ideal value [29] .
An OGTr response was considered a lag curve when the plasma glucose peak at either 30 or 60 rain after the 100 g load reached or was above 200 rag/100 ml (11 retool/l) and the 2=hour-level was below 130 rag/100 ml (7.2 mmol/1). Only those persons who had shown lag curves on at least two occasions within one month and had never shown other responses were selected. Patients with peptic ulcers, signs of hyperthyroidism or with partial gastrectomy were excluded. Screening of approximately 2100 OGTT's, performed in out-patients, resulted in the selection of 31 patients fulfilling these criteria and able and willing to undergo an IVGTr. Thirteen of these 31 subjects were obese, i. e. more than 115% of ideal weight [29] . First degree relatives with diabetes were known in 14 cases.
For the purpose of this study, diabetes was diagnosed if the 2 h glucose level in the OGTT was over 180 mg/100 ml (10 mmol/1) and the K-value in a high dose intravenous glucose tolerance test [8] was below 1.3, the critical value in this test being 1.5. Thus cases of borderline glucose tolerance were excluded. Only untreated maturity-onset diabetics without a history of ketosis were included. None of them needed insulin later on. Of the 19 diabetic patients selected, 7 had overt disease as evidenced by fasting plasma glucose values of 8 mmol/1 or more, the remaining 12 exhibiting merely "chemical" diabetes. Obesity as defined earlier was present in 10 individuals, 3 with overt and 8 with "chemical" diabetes. Differences in age between the three groups were not significant.
Methods
The standard OGTTwas started at 8 a.m. after an overnight fast. When the patient was on a restricted diet, he was primed with a diet containing at least 200 g of carbohydrate during 3 preceding days. The 100 g glucose load was consumed as a 25% solution within 5 rain. Venous blood samples were taken before and every 30 min up to two hours after the load. The subject was seated all the time. Samples were centrifuged immediately. Determinations of glucose in plasma were performed with the auto-analyser (Hoffman's ferricyanide method, 12).
The intravenous challenge was given under the same conditions (except for a supine position of the patient) and consisted of 50 g of glucose per 1.73 m 2 body surface. This high dose [8] was injected as a 50% solution in exactly 3 rain. The start of the injection was called zero time. Blood samples were taken from an indwelling catheter in the opposite arm, provided with a heparin lock. Three samples were taken prior to the glucose injection and subsequently 1, 2, 3, 4, 6, 8, 10, 12, 15, 20, 30, 40, 50, 60, 90 and 120 min after the start of the injection. Centrifuged aliquots of plasma for determination of insulin were stored at -20~ until radioimmunoassay. Separation of the "free" and "bound" fractions was performed with a "double antibody solid phase" technique [13] . Glucose disappearance rates (K-values) were calculated from semilogarithmic plots of absolute plasma glucose values, accord.ing to the formula of Lundbaek [16] : K = 0.693 • 100. For each experiment, an insulinogenic tl/2 index [27] was calculated by dividing the fasting-topeak insulin rise (~U/ml) by the concomitant change in plasma glucose (retool/I): A insulin. The insulin peak was invariably reached at A glucose three or four minutes after the start of the injection.
For statistical analysis Wilcoxon's test (for unpaired and for paired observations) was used, and Spearman's correlation coefficient, as results did not represent normal distributions.
Results
Plasma Glucose
The mean plasma glucose concentration in the fasting state was slightly but significantly higher in patients with lag curves than in controls (p < 0.02). This was not due to the presence within this group of subjects with significant hyperglycaemia: the highest fasting value encountered (in one extremely obese patient) was 7.05 mmol/1. Fasting glucose levels were substantially higher in the diabetic group. The glucose peaks reached in the intravenous tests were not significantly different in the three groups: 30.2 + 4.3 retool/1 (M + S.D.) in normals, 31.8 + 4.1 in patients with lag curves and 32.4 _+ 4.1 in diabetics.
The mean fasting-to-peak change of the plasma glucose in the i. v. test (A glucose) was 25.0 retool/1 for controls, 26.2 mmol/1 for patients with lag curves and 25.2 mmol/1 for diabetics. This insulinogenic stimulus was not statistically different in the three groups. 
K-Values
The glucose disappearance rates (K-values) in the normal controls all were greater than 1.5, with a mean of 2.45 _ 0.96 (S.D.). These values were unduly influenced by a few individuals with very high Kvalues, causing skewness of the distribution to the right. By definition, K-values in diabetics were less than 1.3. In the lag-storage group, K-values were normal i. e. greater than 1.5, in 16 cases, diabetic (less than 1.3) in 9 cases and equivocal (between 1.3 and 1.5) in the remaining 6. The mean + SD for all lag curve patients was 1.58 _+ 0.42, the difference from the control group being highly significant (p < 0.005).
Insulin Responses
Mean insulin levels in the fasting state were not significantly different in the three groups: 14 + 4 ,uU/ml (S.D.) in the normals, 16 + 6 in the patients with lag curves and 17 + 8 in the diabetics. Early insulin responses (mean + SEM) to the intravenous glucose challenge are shown in Figure 2 . During the 15 rain of the test depicted here, the mean response of the lag-storage group is less than that of the control group. As such, this is a significant phenomenon (p < 0.05 in the sign test for 7 differences). When each time-point is considered separate- Fig. 3 . Early insulin responses in the same subjects as represented in Fig. 2 . However, the lag curve group has been divided into two subgroups: one with positive family history of diabetes (LAG ram + ),and a group without such family history (LAG ram -). P-values denote significance of differences between the peaks of the adjacent curves A insulin in ~tU/ml Fig; 4 . Insu!inogenic indices \)~ -glu~eose in m~m0~ol/!/for early peaks after intravenous glucose, in normal controls (NORM), mild maturity-onset diabetics (DIAB) and patients with lag curves (LAG), with and without a family history of diabetes. Each point represents the index for one subject. Open circles stand for lean patients, dots for obese patients. The dashed line gives the best separation between normals and diabetics ly, differences between these two groups do not reach statistical significance, but the difference between the means of the peaks (irrespective of their occurrence at 3 or 4 min) is significant at the 5% level. The mean insulin curve of all patients with lag curves resembles that of the normal group in exhibiting a steep early rise and is at all points significantly separated from the curve of the diabetics. Figure 3 gives early insulin responses divided on the basis of negative or positive family history for diabetes. The mean insulin curve of the 17 patients with lag curves and no diabetes in their families is at all points lower than that of the control group, but the mean initial peaks do not differ significantly. However, the difference between the responses of the subgroups with and without a family history for diabetes is significant at 3, 4, 6 and 8 min. The group with family history released significantly more insulin than did the diabetic group (p < 0.005 for peaks).
Influence of Family History
Insulin Responses of Individuals
How individuals responded can be derived from Figure 4 , where the insulinogenic indices are shown for all subjects tested. There is nearly complete division between normals and mild maturity-onset diabetics at the value of 1.5. The mean values (+ SEM) of the indices for the groups were 3.23 + 0.33 for controls, 2.45 _+ 0.41 for all patients with lag curves and 0.55 _+ 0.13 for diabetics. Statistically the differences between the means of the three groups were clearly significant (p < 0.01).
Of the 31 patients with lag curves, 20 showed normal responses whereas 11 had blunted, diabeticlike, early insulin secretion (insulinogenic index < 1.5). Out of 17 patients showing lag curves without diabetes among their first degree relatives, only 3 exhibited low insulin responses (index < 1.5).
Relation of Insulin Response to K-Value
Within the lag-storage group, glucose disappearance rates were not significantly correlated with the height of the early insulin peaks (r = 0.15). Insulinogenic indices were normal in 10 out of 16 patients with normal K-values, in 7 out of 9 with low and in 3 out of 6 with borderline K-values.
When the 9 subjects with lag curves and subnormal, diabetic K-values are discarded, the mean insulin peak of the remaining lag-patients is still lower than that of the controls, but with marginal significance (0.05 < p < 0.10). The mean insulinogenic index, however, remains definitely diminished in this group (p < 0.02). There was no difference in relative bodyweight between both subgroups of patients with lag curves: (118% + 18 S.D. for the low-K-group and 115 + 17 for the group of patients with normal K-value).
Relation of Insulin Response to Obesity
Within the lag-storage group, but not within the other groups, there was a significant correlation between insulin response and degree of obesity (r = 0.38; p < 0.05). When all cases with obesity (115% or more of ideal bodyweight) are rejected, 18 patients with lag curves (105% + 7 S.D.), 16 controls (102 _+ 5) and 9 diabetics (109 _+ 4) remain to be considered. The relationships between these three groups are exactly the same as have been described for the whole groups, as far as mean insulin curves, mean insulin peaks and mean insulinogenic indices are concerned. Significance of the differences regarding the subgroups with normal and subnormal K-values and with different family histories is lost however. In Table 2 mean insulinogenic indices are given for obese and non-obese subjects separately. It is obvious from this table that the difference in insulin release between the normal and the lag-storage group is confined to the non-obese category.
Twenty patients with lag curves could be matched, with regard to degree of obesity, with 20 of the controls. The matching procedure was performed without knowledge of K-values or insulin secretion patterns, but age was known and taken into account whenever more than one possibility for matching occurred. Mean relative weights were identical in the two groups so formed: 110% of ideal _+ 14 S.D.; 7 pairs were obese. The difference, within pairs, of relative weight never exceeded 3% and was zero in 10 of them; the calculated duplicate variation was 1%.
K-values were definitely subnormal in 7 out of 20 patients and marginal in 2. The mean K for controls was 2.45 + 0.95 S.D., for patients 1.54 _+ 0.42 (p < 0.01).
The mean insulin curve of the patients was at all timepoints situated below that of the controls. The mean peaks (+ S.D.) were 99 ~tU/ml (+ 50) and 75 (+ 50) respectively (0.05 < p < 0.10). The means of the insulinogenic indices were: 3.37 + 1.68 S.D. and 2.30 _+ 1.75. The groups differed significantly in this respect (p < 0.02). When pairs with a subnormal K-value in the patient-partner are discarded, the significance of the difference between the indices of the groups becomes marginal (0.05 < p < 0.10). When the 20 pairs are divided in two subgroups as to relative bodyweight over or below 115%, it appears that only in non-obese pairs is there a significant difference in insulinogenic index between normals and patients with lag curves (p < 0.05). This difference is insignificantly small in obese pairs (mean difference 0.33 _+ 0.72).
Discussion
The present method of measuring early insulin responses to i.v. glucose loading is in some respects different from those used by most other investigators. Rapid injection of a high dose of glucose was used, as described by Dyck and Moorhouse [8] . These investigators have clearly shown [21] that high doses permit better distinction between glucose disappearance rates (K-values) of normals and diabetics. Rapid glucose injection yields higher insulin responses; even small differences in injection time cause striking differences in insulin response [10] . Phlebitis was seen only in three cases out of the nearly 150 tests performed so far. The necessity of early sampling is well established, both for i.v. tolbutamide [17] and i.v. glucose [4, 25] loading tests.
From Figure 4 it is obvious that this method not only permits good distinction between normal and diabetic groups, but also allows classification, with minimal overlap, of individuals as normal or diabetictype insulin secretors.
Cerasi and coworkers [7] have demonstrated a dose-related insulin response to i.v. glucose: their "low-responders" approximated normal insulin secretion when the glucose challenge was very high. It could therefore be argued that the high dose we used lessened the discriminative power of our test. However, Cerasi and coworkers take the first blood sample 10 rain after the start of the injection, whereas, as is again demonstrated in this study, insulin peaks occur earlier. Pfeiffer [25] , using early sampling, did not find a dose-response relationship within the range described by Cerasi. Moreover, even in the highest blood-glucose range achieved by Cerasi, distinction between his low-and high-responders remains fairly good and the range obtained in the present investigation was substantially lower. And, finally, individuals with normal glucose tolerance and decreased early insulin secretion, deemed prediabetics by Luft and Cerasi, also appear to be detectable with the present method.
The finding of glucose disappearance rates (Kvalues) in the definitely diabetic range in 9 out of 31 patients with lag curves is in accordance with the 3 out of 11 reported by Lundbaek [16] and the 2 out of 6 found by McKiddie et al. [19] . As the intravenous test generally is regarded as less sensitive than the oral G.T.T. [18] , these results can be explained as evidence that a lag curve indicates decreased glucose tolerance.
Within the lag-storage group, no correlation could be found between oral glucose tolerance (the sum of the 5 values taken as a parameter) or intravenous glucose tolerance (K-value) and the insulinogenic index. This latter finding is at variance with the work of Porte and Pupo [26] with small doses. An observation similar to ours however, was made by Alford and coworkers [2] in a group of patients with mildly abnormal oral glucose tolerance, also challenged with a high intravenous glucose dose. Apparently, decreased early insulin secretion does not simply reflect the decrease in glucose tolerance. This underscores the hypothesis of Cerasi and Luft [6] on the specific meaning of blunted early insulin secretion as a sign of prediabetes.
A lower than normal mean insulin response to intravenous glucose in patients with lag curves has briefly been reported by McKiddie and coworkers [19] . The individual results of their 9 subjects are not given and the finding is not discussed. In the present study, the occurrence of a lag curve was, in about one third of cases, accompanied by sluggish early insulin secretion as a marker of impending or incipient diabetes. Even when we removed those individuals who appeared to be diabetic because of their subnormal K-values, this procedure did not substantially alter the ratio (9 out of 22).
The results cannot be attributed to the differences between groups in degree of obesity. On the contrary, one would expect a possibly decreased insulin secretion in the group of patients with lag curves to be obscured rather than caused by their higher mean weight. Table 2 illustrates this point. Procedures meant to rule out the influence of obesity (i. e. discarding of all overweight persons, or matching for relative weight) do not change the results, but they reduce the number of subjects under investigation, With the wide variation of insulin responses, the decreased statistical significance obtained should be explained this way.
The insulin response separates patients with lag curves, but without first degree relatives with diabetes, more clearly from those with such family history, than from normal controls (Figs. 3 and 4) . This could mean that a lag curve in conjunction with a positive family history is indicative of diabetes.
When not accompanied by a strong family history of diabetes, a lag curve is indicative of early diabetes only in a small minority of cases. Obesity seems even further to decrease a possible specific significance of the lag curve: e.g. 10 obese persons with lag curves had normal early insulin secretion, whereas the 3 obese "low-responders" all had positive family histories.
The results presented here suggest that a lagstorage curve has a significance comparable to that of borderline or slightly diminished glucose tolerance. As such, the finding of a lag curve is of little consequence in obese persons. However, when associated with a genetic background of diabetes either in lean or obese patients, a lag curve is suggestive of diabetes.
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